Ribes diacanthum Pall (RDP) is a member of the Saxifragaceae family. The plant is traditionally used in Mongolia for the treatment of various ailments associated with kidney and bladder's diseases, cystitis, kidney stone, and edema. This study was aimed to investigate antioxidant activities of different solvent extracts of whole Pall plants, based on ferric-reducing antioxidant potential (FRAP), 2,2'-azinobis(3-ethybenzothiazoline-6-sulfonic acid) (ABTS․ +) radical scavenging activity, 1,1-diphenyl-2-picrydrazyl (DPPH․), and hydroxyl (․OH) radical scavenging activities. Additionally, total flavonoids and phenolic contents (TPC) were also determined. The ethyl acetate extract of RDP (EARDP) had a remarkable radical scavenging capacity with an IC 50 value of 0.1482 mg/mL. In addition, EARDP was shown to be higher in total phenolic and flavonoid contents than the methanol extract of RDP (MRDP). Moreover, the EARDP had the predominant antioxidant capacity, DPPH, hydroxyl, and ABTS radical scavenging activities and ferric reducing power. These results suggest a potential for R. diacanthum Pall extract as a functional medicinal material against free-radical-associated oxidative damage.
INTRODUCTION
Ribes diacanthum Pall (RDP) (Mongolian: Thehiin Sheeg) is a native Mongolian medicinal plant belonging to the Saxifragaceae family, which is widely distributed throughout the Northern Mongolian regions, Khangai, Khentii, Great Khingan, Mongol Daguur and East-Mongolia. RDP is the most important plant for Mongolians as it provides many versatile uses. In traditional Mongolian medicines, the aerial parts (leaves, stem, and fruits) of RDP have been used for the treatment of kidney diseases such as cystitis, and bladder infections, retention, and edema. The aqueous extract of this plant has been shown to control kidney stones, stimulate the diuretic effect, and improve choroid plasticity (1) . Generally, plants contain a variety of phytochemicals, the consumption of which has been correlated with positive regulatory effects in human health (2, 3) . Oxidative stress occurs from an imbalance between the antioxidant defense systems and the formation of reactive oxygen species (ROS), and may damage essential biomolecules such as proteins, DNA, and lipids. Oxidative damage may cause cellular injuries and death, and exacerbate several degenerative diseases associated with aging, including cancer, cardiovascular disease, atherosclerosis, and neurodegeneration (4) (5) (6) (7) . Phenolic compounds and flavonoids are also widely distributed in plants and have been reported to exert multiple biological effects, including potential antioxidant activities (8, 9) , anti-inflammatory and anti-carcinogenic activities (10) ; moreover, these compounds inhibit the oxidation of lipids and prevent oxygen-induced cellular damage in the body (11) . Recently, many researchers have focused on the safety of food and functional characteristics on human health, such as antioxidant properties (12) . Thus, the natural antioxidants present in medicinal and food plants that may help attenuate oxidative stress are growing in interest (13) . Traditional medicines are used throughout the world and plants still represent a large source of natural antioxidants that may serve as leads for the development of novel drugs (4, 14) . About 975 species are registered as medicinal plants, which are used in folk and traditional medicines of Mongolia and boundary countries, including 200 species that are used in modern medicine (1) . Since R. diacanthum Pall has been clinically used in Mongolia for a long time, the effort to find naturally-occurring active compounds from Mongolian medicinal plants is worthwhile. However, the antioxidant activities of R. diacanthum Pall have not been previously reported.
In this study, we investigated antioxidant activities of different solvent extracts from R. diacanthum Pall by assessing total phenolic and flavonoid contents, as well as DPPH, hydroxyl and ABTS radical scavenging activ- ities, and FRAP. The assessment of antioxidant activities of R. diacanthum Pall will help to understand its pharmacological effects for improving human health.
MATERIALS AND METHODS

Chemicals
1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) diammonium salt, 2,4,6-tri(2-pyridyl-s-triazine (TPTZ), sodium bicarbonate, 2-deoxy-D-ribose, trichloroacetic acid (TCA), Folin & Ciocalteu's phenol reagent, naringin, L-ascorbic acid, α-tocopherol, and butylated hydroxylanisole (BHA) were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Tannic acid was obtained from Yakuri Pure Chemicals Co., Ltd. (Kyoto, Japan). All organic solvents and chemicals used in this study were of analytical grade.
Sample preparation
The aerial parts (leaves, stems, and fruits) were collected from fresh R. diacanthum Pall plants in the Khentii Mountains located in the Northern regions of Mongolia from August to September in 2011. The plant specimens were authenticated and deposited in the Botany Herbarium of the Department of Biology, Ulaanbaatar University of Mongolia. The plants were cleaned and air-dried under shade. The dried samples were stored at -70 o C until used.
Preparation of extract
The dried aerial parts of Ribes diacanthum Pall plants (2 kg) were exhaustively extracted with 9 L of 80% methanol for 30 days at room temperature. Samples (20 g ) were then extracted with water and 80% ethanol (1000 mL) at room temperature for 21 days. The residual materials were re-extracted by the same procedure (3 times). The extracts were filtered over filter paper (No. 3, Whatman International Limited, Kent, England), and the filtrate was evaporated by a rotary evaporator (N11, Yamato Co., Tokyo, Japan) under reduced pressure at a temperature lower than 40 o C. The residue was dissolved in distilled water (200 mL) and then extracted with ethyl acetate (1 L) using a separating funnel. The ethyl acetate layer was collected and evaporated to dryness in a vacuum to yield the ethyl acetate (41 g) fractions. The dried samples were dissolved in respective solvents and filtered with a 0.45 µm membrane filter (Millipore, Billerica, MA, USA). The positive controls (α-tocopherol, BHA, butylated hydroxyanisole) and each solvent extract (MRDP, EARDP, WRDP, ETRDP) were dissolved in methanol to the concentration of 100 mg/mL as stocks. All samples were placed in a glass bottle and stored at 4 o C until further analyses. The extraction procedure is shown in Fig. 1 .
Determination of total phenolics
Total phenolic contents in each extract were determined with Folin-Ciocalteu reagent according to the method of Singleton (15) . The plant sample was dissolved using 20 mM phosphate buffered saline (PBS, pH 7.4), to a final concentration of 100 mg/mL. An aliquot (0.33 mL) of the extract was added to a test tube containing 2.5 mL of distilled water, vortexed, and then mixed with 0.16 mL of Folin-Ciocalteu reagent. After 5 min, 0.3 mL of 10% sodium bicarbonate solution was added. The mixture was allowed to stand 30 min at room temperature in darkness, and the absorbance was measured at 760 nm (DU650, Beckman Coulter, Brea, CA, USA). A standard curve was prepared to express the results as tannic acid equivalents, i.e. the quantity of tannic acid (mg/mL).
Determination of total flavonoid contents
According to the method of Davis (16), total flavonoid contents were determined by preparing 0.4 mL of extracts in 4.0 mL of 90% diethylene glycol and 40 mL of 1 N NaOH. The mixture was shaken thoroughly, and allowed to stand for 1 hr at room temperature. The absorbance of the solution was measured at 420 nm. Total flavonoid contents were determined using a standard curve obtained from various concentrations of naringin.
DPPH․ radical scavenging activity
The free radical scavenging activity was carried out according to the Blois method (17) with slight modifications. Methanol solution (200 µL) of sample at various concentrations (0.1～10 mg/mL) was added to 0.1 mM methanolic solution of DPPH (4 mL) and shaken vigorously. The reaction mixture was allowed to stand for 30 min at room temperature in the dark. The absorb-ance of the mixture was determined using a spectrophotometer (DU650, Beckman Coulter) at 517 nm. The antioxidant activity of plant extracts was expressed as IC 50 , which was defined as the concentration of extract required to inhibit the formation of DPPH radicals by 50%. This activity is given as percent DPPH scavenging that is calculated as: [(control absorbance-extract absorbance)/ control absorbance] × 100. Butylated hydroxylanisole (BHA) and α-tocopherol were used as references.
Ferric-reducing antioxidant power (FRAP) assay
The antioxidant capacity of samples was determined according to the Benzie and Strain method (18) with some modifications (19) . The method is based on the reduction of the Fe 3+ -TPTZ complex to the ferrous form at low pH. The fresh working solution (FRAP reagent) was prepared by mixing 25 mL of 0.3 M acetate buffer, 2.5 mL of TPTZ solution, and 2.5 mL of FeCl 3 ․6H 2 O solution, and then warmed (preheated) at 37 o C before used. A properly diluted sample (0.1 mL) was added to 4.0 mL of FRAP reagent to form a mixture. The mixture was incubated at 37 o C for 10 min in the dark, and the absorbance was measured at 593 nm against a blank that was prepared using distilled water. The results, obtained from triplicate analyses, were expressed as aqueous solution of ferrous sulfate (FeSO 4 ․7H 2 O), and derived from a calibration curve of the standards (20～ 1,000 μM). The FRAP values of BHA and α-tocopherol were obtained by the same procedure.
ABTS
․+ radical scavenging activity assay This assay was based on the ability of different substances to scavenge the 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salts radical cation (ABTS ․+ ) according to the methods of Re et al. (20) with some modifications. The ABTS ․+ stock solution was diluted with ethanol (about 1:88 v/v) to an absorbance of 0.70 ± 0.02 at 734 nm (DU650, Beckman Coulter) for measurement, and equilibrated at 30 o C. Aliquots (0.1 mL) of the samples were mixed with 2.9 mL of diluted ABTS ․+ radical solution. After incubation at room temperature for 20 min, the absorbance at 734 nm was measured. Appropriate solvent blanks were run in each assay. BHA and α-tocopherol were employed as positive controls. A lower absorbance of the reaction mixture indicates higher ABTS ․+ radical scavenging activity. The activity is given as percentage ABTS ․+ radical scavenging, which is calculated with the equation: % ABTS scavenging activity＝[(control absorbancesample absorbance)/ control absorbance] × 100
Hydroxyl radical scavenging activity Hydroxyl radical (OH․) scavenging assay was carried out by measuring the competition between deoxyribose and the extract for hydroxyl radicals generated from the Fe 3+ /ascorbate/EDTA/H 2 O 2 system (21). Hydroxyl radicals were generated by direct addition of iron (ll) salts to the reaction mixture (22) . The reaction mixture was prepared with 0.2 mL of 10 mM FeSO 4 ․7H 2 O containg 10 mM diethylene diamine tetraacetic acid (EDTA), 10 mM 2-deoxy-D-ribose solution (0.2 mL), sample solution (0.15 mL) or 0.1 M phosphate buffer (1.0 mL pH 7.4). The reaction was initiated by addition of 10 mM H 2 O 2 (0.2 mL), followed by incubation at 37 o C for 4 hr. After incubation, 1 mL of 2.8% trichloroacetic acid (TCA) and 1.0% thiobarbituric acid (TBA) were added, and the mixture was heated in boiling water for 10 min. Finally, the reaction mixture was cooled in ice water and centrifuged at 800 × g for 10 min. The absorbance of the supernatant was measured at 532 nm. Each assay was performed in triplicate. Hydroxyl radical scavenging activity was expressed as 50% inhibitory concentration (IC 50 ), which is the concentration to reduce the absorbance of treated samples by 50% with reference to the control. α-tocopherol and BHA were used as the positive controls.
Statistical analysis
The results are expressed as the mean ± standard deviation (SD). All statistical analyses were performed using the SPSS 12.0 (Statistical Package for Social, SPSS Inc., Chicago, IL, USA) software. The differences among groups were evaluated by one-way analysis of variance (ANOVA) and Duncan's multiple range tests. A level of p 0.05 was used as the criterion for statistical significance.
RESULTS AND DISCUSSION
Recovery percent, total phenolics, and flavonoids Phenolics and flavonoids are important antioxidant substances that are obtained from most natural plants (23) . Phenolic compounds in plants constitute a major class of secondary metabolites and have attracted considerable interest due to their scavenging ability on free radicals in the presence of hydroxyl groups (24) . Moreover, these compounds possess a broad spectrum of chemical and biological activities including radical scavenging properties (25) and have also been reported to play an important role in stabilizing lipid peroxidation by inhibiting autoxidation of lipids (24) . In the present study, the percent yield of total phenolics and flavonoids obtained from aerial parts (leaves, stem, and fruits) of R. diacanthum Pall plants using different solvent systems are presented in Table 1 .
Ethyl acetate and methanol extractions (15.709 and Based on weight of aerial parts extracted, Yield (%)＝(extract weight/dry weight)×100. 3) Tannic acid was used as a standard for measuring total phenolic contents. 4) Naringin was used as a standard for measuring total flavonoid contents. 5 Mean values followed by different superscripts in a column are significantly different by Duncan's multiple range test at p 0.05. 4) α-Tocopherol and BHA (butylated hydroxyanisole) were used as positive controls. 13 .050% for aerial parts, respectively) followed by ethanol extraction (11.616% for aerial parts) enhanced the recovery percentage, while water gave the lowest yield. This finding is in agreement with a previous study that reported that higher extraction yields of phenolic compounds were obtained with increasing polarity of the extraction solvent (26) . The ethyl acetate extract of RDP contained significantly (p 0.05) higher amounts of total phenolics (0.488 mg/mL) than methanol (0.136 mg/mL), ethanol (0.236 mg/mL) and water (0.195 mg/mL) extracts. Similar to the present result, Naczk et al. (27) reported that blueberry leaves had higher amounts of phenolics than the blueberries when extracted by 70% (v/v) aqueous acetone and 95% (v/v) ethanol. Previously, acetone/acetic acid/water mixtures have been shown to extract higher levels of total phenols in black currant buds and leaves (28) . The ethanol extract of black currant (Ribes nigrum L.) leaves contained high levels of phenolics, simliarly reported by Vagiri et al. (29) . Our results are also similar to Määttä et al. (30) in that green (Ribes nigrum) and white currants (Ribes x Pallidum) had higher amounts of phenolic compounds when compared to other plants within the genus Ribes.
The total flavonoid contents in methanol, ethyl acetate, water and ethanol extracts were 0.256, 0.995, 0.414 and 0.835 mg/mL, respectively. Milivojevic et al. (31) reported that besides anthocyanins, the Ribes genus is a rich source of other flavonoids, especially flavonols. Raudsepp et al. (32) have reported the presence of flavonols in black currant leaves. In a recent study, quercetin, myricetin, and kaempferol (aglycones) were reported by Tabart et al. (33) in hydrolyzed extracts of black currant buds and leaves. The flavonols has previously been identified in the leaves of strawberries and raspberries (34, 35) . Among the phenolic compounds, flavonoids possess biological functions such as anti-inflammatory, anticarcinogenic and cardiovascular protective effects, which may be associated with their antioxidative activity (33, 36) . Since the phenolic compounds are considered to be major contributors to the antioxidant capacities of plants, the relatively large phenolic and flavonoid contents in the ethyl acetate crude extract was suggestive for further research on isolating antioxidant compounds.
This study supports our prediction that R. diacanthum Pall is a good source of natural antioxidants such as phenolic and flavonoid compounds.
DPPH radical scavenging property
The DPPH radical is a stable organic free radical with an absorption band at 515～528 nm, and thus becomes a useful reagent for investigating the free radical scavenging activities of different compounds. The stable DPPH free radicals model can be used to evaluate the antioxidative activities in a relatively short time. The effect of antioxidants on DPPH radical scavenging was thought to occur by its hydrogen donating ability; therefore, the absorbance decreases as a result of a color change from purple to yellow as radicals are scavenged through donation of hydrogen to form the stable DPPH molecule (37) . The results on DPPH radical scavenging activities of the methanol (MRDP), ethyl acetate (EARDP), water (WRDP), and ethanol (ETRDP) extracts and the positive control reference standards butylated hydroxylanisole (BHA) and α-tocopherol are shown in Table  2 . According to the results, as the IC 50 value decreases, the antioxidant activity increases. The IC 50 value of each extract was compared with BHA (IC 50 , 0.068 mg/mL) and α-tocopherol (IC 50 , 0.048 mg/mL). DPPH radical Table 1 . scavenging activity of EARDP was found to be higher than those of MRDP. Similar to our result, Amakura et al. (38) reported that blackberries showed the strongest DPPH radical scavenging activity with EC 50 value of 2.06 mg/mL, followed by black currant (2.45 mg/mL) and cowberry (2.64 mg/mL). According to a well-established thought, antioxidant activities of various vegetables, fruits, and natural plants are attributed to the contents of phenolic compounds (39) . Studies by Tabart et al. (40) demonstrated that black currant leaves contained more total phenolic contents than what is found in ripe fruits and that total phenolic contents correlated with antioxidant capacity. The radical-scavenging activity can be related to the presence of the orto-dihydroxy substituted aromatic rings (41) .
Determination of reducing power
Basically, ions can stimulate lipid peroxidation by the Fenton reaction and can accelerate peroxidation by decomposing lipid hydroperoxides into peroxyl and alkoxyl radicals that can themselves abstract hydrogen and perpetuate the chain reaction of lipid peroxidation (42) . The simple and reliable FRAP assay measures the reducing potential of an antioxidant reacting with a ferric-TPTZ (Fe(III)-TPTZ) complex and producing a colored ferrous-TPTZ (Fe(II)-TPTZ) complex by a reductant at a low pH (about 3.6). The ferric-TPTZ complex can be monitored at 593 nm. A higher absorbance power indicates a higher ferric reducing power. In the present study, the FRAP values for MRDP, EARDP, WRDP and ETRDP are shown in Table 3 . The EARDP (0.591 mmol Fe(II)/mg extract) registered significantly (p 0.05) higher ferric reducing antioxidant activity than the WRDP (0.197 mmol Fe(II)/mg extract), indicating that EARDP possesses higher reducing capacity than WRDP. These observations showed that the reducing characteristics of the plants can act as antioxidants, reducing agents, hydrogen donators and oxygen quenchers (43) . A direct correlation between the antioxidant activity and reducing power of certain plant extracts (44) . Small fruits including species of currants, gooseberries, raspberries, blackberries and strawberries are known to contain high levels of antioxidant activities through the FRAP assay (45) . Moyer et al. (46) also observed the highest antioxidant capacity in wild plants, especially in the Rubus and Ribes species, using the FRAP assay. The reducing activities are generally associated with the presence of reductones (47) , which have been shown to use antioxidant activity to break the free radical chain by donating a hydrogen atom (44) . From our results, the reducing ability of Ribes diacanthum Pall, as determined by the FRAP assay and the extent of conjugation of the phenolic compounds, was derived from the presence of phenolics and flavonoids.
Antioxidant activity by the ABTS
․+ assay Another stable free radical cation, ABTS, was used to evaluate the antioxidant activity of the methanol and ethyl acetate extracts from Ribes diacanthum Pall. The ABTS systems have been commonly used to measure the total antioxidative status of various biological specimens by measuring radical scavenging through electron donation (48) . The ABTS radical scavenging effect of different solvent extracts from R. diacanthum Pall exhibited a similar trend to the DPPH radical scavenging activity. The results were expressed as µmol Trolox equivalents/g extract. A steady increase was observed in the percentage inhibition of the ABTS radicals by the EARDP, ETRDP, MRDP and WRDP (Fig. 2) . The EARDP exhibited higher radical scavenging activity than the WRDP when reacted with the ABTS radicals. As seen ) and their effectiveness depends on the molecular weight, the number of aromatic rings and nature of the hydroxyl groups substitution than the specific functional groups. The position of hydroxyl groups might be more important for mediating potent total antioxidant activity (49) . These results indicated that the EARDP contains high amounts of radical scavengers and may be useful as a natural source of antioxidants.
Hydroxyl radical scavenging activity
Hydroxyl radical (OH․) is the most reactive and predominant radical generated endogenously during aerobic metabolism to initiate cell damage in vivo (50) . Thus, removing OH․ is very important for the protection of living systems. Hydroxyl radical scavenging activity was estimated by generating hydroxyl radicals using ascorbic acid-ion EDTA. The scavenging abilities of MRDP, EARDP, WRDP, and ETRDP of Ribes diacanthum Pall (RDP) are shown in Table 4 . The EARDP and ETRDP significantly decreased hydroxyl radical scavenging activity, and IC 50 values showed 3.1435 and 4.0709 mg/ mL, respectively (p 0.05). The scavenging ability of the EARDP and ETRDP might be due to the active hydrogen donor ability of hydroxyl substitution. Jason et al. (51) attributed differential genotypic responses to greater increases in hydroxyl radical activity and antioxidant status. This study indicates that EARDP obtained from aerial parts of the traditionally important plant RDP, contains high amounts of phenolics and flavonoid compounds. The high scavenging activity is due to hydroxyl groups existing in the phenolic compounds and their chemical structure that can provide the necessary components as a radical scavenger.
In conclusion, ethyl acetate extract of Ribes diacanthum Pall possessed good antioxidant activities. Although further research is necessary, our study shows that a supplementation with this plant extract could at least help in preventing or decreasing the damages caused by oxidative stress. Based on these data, additional studies are needed to characterize the bioactive compounds responsible for the antioxidative activities in R. diacanthum Pall.
